Wright State University

CORE Scholar
Browse all Theses and Dissertations

Theses and Dissertations

2022

Harmful Algal Blooms in Caesar Creek Lake and their Relationship
to Riparian Cover
Morgan C. Grunden
Wright State University

Follow this and additional works at: https://corescholar.libraries.wright.edu/etd_all
Part of the Chemistry Commons

Repository Citation
Grunden, Morgan C., "Harmful Algal Blooms in Caesar Creek Lake and their Relationship to Riparian
Cover" (2022). Browse all Theses and Dissertations. 2594.
https://corescholar.libraries.wright.edu/etd_all/2594

This Thesis is brought to you for free and open access by the Theses and Dissertations at CORE Scholar. It has
been accepted for inclusion in Browse all Theses and Dissertations by an authorized administrator of CORE
Scholar. For more information, please contact library-corescholar@wright.edu.

HARMFUL ALGAL BLOOMS IN CAESAR CREEK LAKE AND THEIR
RELATIONSHIP TO RIPARIAN COVER

A Thesis submitted in partial fulfillment of the
requirements for the degree of
Master of Science

by

MORGAN C. GRUNDEN
B.S., Wright State University, 2020

2022
Wright State University

WRIGHT STATE UNIVERSITY
GRADUATE SCHOOL
April 26, 2022
I HEREBY RECOMMEND THAT THE THESIS PREPARED UNDER MY
SUPERVISION BY Morgan C. Grunden ENTITLED Harmful Algal Blooms in Caesar
Creek Lake and their Relationship to Riparian Cover BE ACCEPTED IN PARTIAL
FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE OF Master of
Science.
__________________________
Audrey E. McGowin, Ph.D.
Thesis Director
__________________________
Audrey E. McGowin, Ph.D.
Chair, Department of Chemistry
Committee on Final Examination:
________________________________
Audrey E. McGowin, Ph.D.
________________________________
Steven Higgins, Ph.D.
________________________________
Stephen Jacquemin, Ph.D.
________________________________
Barry Milligan, Ph.D.
Vice Provost for Academic Affairs
Dean of the Graduate School

ABSTRACT

Grunden, Morgan C. M.S., Department of Chemistry, Wright State University, 2022.
Harmful Algal Blooms in Caesar Creek Lake and their Relationship to Riparian Cover.

Caesar Creek Lake (CCL) in Warren County, OH has recently been experiencing harmful
algal blooms (HABs) which are most likely attributed to an excess of phosphorus (P)
from fertilizers and manures applied to surrounding fields. Sediments act as a sink for P
later supplying a source of P in lakes for HABs when waters become thermally stratified
and anoxic. This study seeks to determine the relationship between HABs in CCL and
riparian cover at the main tributaries, Anderson Fork and Caesar Creek. In order to do
this, sediment samples were collected from four sample sites along Anderson Fork and
three sample sites along Caesar Creek in which there were varying amounts of riparian
cover. Sediment samples were digested using concentrated nitric and hydrochloric acids
following EPA method 3050B. Digested solutions were analyzed for total phosphorus
(TP) and total iron (TFe) at wavelengths 213.618 nm and 238.204 nm, respectively, using
Inductively Coupled Plasma – Atomic Emission Spectroscopy (ICP-AES). Types and
percentage of riparian cover at each site were determined and quantified using QGIS
3.14. To determine statistical relationships between sedimentary TP concentrations and
predictor variables such as riparian cover and TFe concentrations, a mixed effects
ANCOVA was carried out. Results revealed no significant statistical relationship (pvalue>0.1) between sedimentary TP concentrations and percentages of tree cover (TC),
iii

grass cover (GC), and urban cover (UC). A significant positive relationship (pvalue<0.0001) was observed between sedimentary TP and TFe concentrations likely
indicating a large concentration of iron-phosphate (Fe-PO43-) complexes due to
phosphate’s affinity for iron oxides. Distance from the Anderson Fork and Caesar Creek
confluence was found to be statistically significant (p-value=0.0321) due to finding
higher TP concentrations at downstream sites suggesting that P moves downstream by
sorption to suspended solids in streambeds during stormwater runoff events. A significant
interaction variable between stream and location was investigated to reveal that there was
a significant difference between sedimentary TP concentrations at Anderson Fork LDB
and center. Overall, streambank TP concentrations were higher than streambed
concentrations revealing that P is deposited on the streambanks contributing to the legacy
P pool.
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I.

INTRODUCTION

a. Riparian Cover
The cultivation of natural landscapes, which store phosphorus (P) and nitrogen (N),
over the years has led to a dramatic alteration of P and N cycles. When the landscape is
altered, these legacy nutrients from the application of manures and fertilizers are released
as non-point source pollutants in turn contributing to harmful algal blooms (HABs)
especially in agricultural landscapes. Riparian land around lakes and rivers are crucial to
regulating the flow of sediments and nutrients entering the water. Stormwater runoff
events are a major cause of nutrient loading, and riparian cover can help reduce the
amount of sediment and nutrients entering the water networks by slowing surface water
flow. Riparian cover also contributes to in-stream process that help reduce nutrient
concentrations for small loading events.1 Vegetation also regulates primary production,
abiotic P storage, and organic matter. Location and type of vegetation are factors that
play a role in the effectiveness of a riparian buffer. The location of vegetation is
important to control the flow of water through a riparian buffer. Runoff should run
laterally through the buffer to the stream or river.2
i. Physical Processes
Types of vegetation in riparian zones include trees, shrubs (shoots), and grasses.
Surface litter consists of non-living vegetation such as leaves, needles, twigs, and bark.
Precipitation and surface water interact directly with shoots and surface liter while
groundwater and soil water interact directly with roots and soil organic matter. Surface
1

litter contributes greatly to soil organic matter. Aboveground decaying vegetation
typically produces relatively young soil organic matter. The main source of organic
matter to streams is plant debris from riparian vegetation. Large plant debris in streams
help regulate stream chemistry through erosion and deposition of sediments and organic
matter. Trees help reduce erosion by tree stems, large roots, and large branches by
slowing stream velocity and promoting sediment deposition.1 Sediment TP
concentrations can become elevated when fine sediment is input into streams due to
phosphorus’s affinity for sediment.2
ii. Biogeochemical Transformations
The many types of vegetation and organic matter in riparian zones leads to a plethora
of chemical processes that can occur. Some of those processes include chemical uptake
and biogeochemical soil and instream transformations. A major process in the riparian
zone is chemical uptake of nutrients such as P and N by plant roots. It has been reported
that nutrient uptake rates by forest and herbaceous vegetation for N and P are 170 kg
N/ha/year and 49 kg P/ha/year.1 As vegetation ages, the nutrient uptake rate declines with
the greatest uptake rate being when vegetation is growing rapidly. Other chemicals, such
as heavy metals (Cd and Pb) and metalloids (As and Se), can be taken up into vegetation
in small amounts.1
There is a large spatial distribution of organic matter that varies greatly in age and
drives biogeochemical processes. When vegetation dies and decays into organic matter,
nutrients and metals are released into water or re-mobilized back into living vegetation
through root uptake. The soil organic matter is able to retain chemicals through ionic
attraction, hydrogen and ligand bonding, and steric attraction. However, attractions or
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bonding are typically reversible. These chemicals are temporarily stored until a
disturbance such as uptake by plant roots, redissolved due to soil conditions such as pH,
or displaced due to saturation. For example, decomposition of detritus by microbes in wet
soil results in the decreased of oxygen available in the soil. Microbes must then resort to
an alternate electron accepting source such as Fe-PO43- complexes. When iron in these
complexes is reduced, PO43- is desorbed from the complexes into the soil. Other electron
acceptors consist of nitrate, sulfate, and oxidized metal compounds. When oxygen
becomes depleted in the soil, decomposition proceeds more slowly and can lead to a
buildup of dissolved organic compounds that contain P and N which can easily pass to
streams.1 Instream transformation can also be affected due to large amounts of shade
from forest canopies. Primary production of aquatic organisms can be reduced by
canopies in large, forested buffers by reducing the amount of sunlight.2
iii. Reduction of Nutrients
Many researchers have found that the concentration of sedimentary TP decreases as
the amount of riparian cover increases especially in agricultural landscapes. In the Fox
River watershed in Wisconsin, Kreiling et al. found that the TP concentration in
streambed sediments declined as riparian forest cover increased.2 TP concentration in
streams is mainly reduced due to riparian vegetation decreasing the concentration of
particulate P in sediments. Dense vegetation slows stormwater runoff from agricultural
fields in turn increasing infiltrations rates. Water infiltration leads to an increase of fine
sediment introduced into the soil profile and a decrease of particulate P in water runoff.
Studies have also shown that many factors play a role in the efficiency of riparian buffers.
These factors include soil type, buffer width, and vegetation type. In a review, it was
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found that the retention of TP by soils with a higher clay content is lower due to a lower
degree of infiltration by water.3 The transport pathways of sediment and water are
increased in wider buffer strips leading to an increase in nutrient retention and water
infiltration. Lee et al. found that P removal was increased as the buffer strip width was
increased.4 The amount of nutrients entering waterways from field stormwater runoff can
be reduced with implementation of riparian cover around waterways.2
b. Drainage Management Tools
Subsurface or tile drainage is a practice used by most farmers in flat lands to remove
excess water. Subsurface drainage works by placing a perforated pipe under the surface at
a slope to move water discharge to a drainage ditch or other outlet.5 Tiles lower the water
table to drain soils that are seasonally wet.6 However, subsurface tile drainage has been
shown to degrade surface water quality. Sims et al. found that in areas with high soil TP
concentrations and tile drainage, subsurface TP transport can be significant. Tile drainage
has been found to increase the total water yield 10-25%, which in turn can lead to
increased TP loads and concentrations. In the United States, Canada, and Europe,
increased dissolved and particulate P concentrations from subsurface drainage has been
reported.7
Best management practices (BMPs) are tools used in agriculture to reduce soil and
fertilizer runoff to maintain or improve water and air quality. Ohio has several BMPs that
are used including variable rate P application and drainage water management (DWM).8
DWM is an engineering conservation practice being implemented on top of already
existing subsurface drainage systems. The timing and amount of water discharge is
controlled through water control structures. For example, during growing season, the
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height of the water table would be increased to hold water in the root zone. The water
table would be lowered during tilling, planting, and harvest. Water quality is enhanced by
the reduction of [P] and [N] entering waterways through minimizing unnecessary
discharge events. Other benefits of DWM include enhancing crop production and
reducing soil erosion and runoff.9
DWM has shown benefits of reducing subsurface water flow volume and nutrient
loads. In a study done in Ohio, it was found that DWM decreased annual tile discharge
flow between 8-34%. It was also found the annual NO3-N and dissolved P loads were
decreased by −1.3 to 26.8 kg ha−1 and 0.04 to 0.51 kg ha−1. This correlated to a -8-44%
and 40-8% decrease in nitrate and dissolved P loads, respectively. However, no reduction
in nutrient concentrations at the DWM site compared to the free discharge site were
observed meaning the decrease in nutrient loads was most likely due to a decrease in the
amount of water discharge.6
c. Phosphorus Contribution to HABs
P is a major nutrient required for all forms of life. It is an energy source for bacteria,
algae, and phytoplankton. While in small amounts, P is good, yet harm can be done when
it exists in large amounts.10 Excess amounts of P can lead to eutrophication which is the
enrichment of water by nutrients. Eutrophication occurs in steps that include an input of
plant nutrients, increase of photosynthesis leading to production of plant biomass,
accumulation of plant biomass, and decomposition of plant biomass leading to a decrease
in oxygen concentration.11 Eutrophication is common in lakes that have a lot of plant
growth and are fairly shallow, such as Caesar Creek Lake (CCL). Specific types of algae
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that produce toxins growing uncontrollably can result in a HAB.10 P contributes to HABs
through cycling between algae, water, and sediments.12
i. P Sources
P mainly exists as orthophosphate, the biodegradation product of organic P forms, in
the environment. There are many sources of phosphorus in the environment including
manure, inorganic fertilizers, Roundup, untreated human waste, PO43- detergents, and
more. Manure and fertilizers enter the hydrosphere through field runoff while detergents
and human waste enter the hydrosphere through leaky sewer systems and discharge from
wastewater treatment plants.13 Organic manures and inorganic fertilizers are typically
applied to crop fields to aid in their growth. Manures and fertilizers can contribute a
significant source of P to surface water via stormwater runoff. It was reported by USGS
in 2006 that manure from beef cattle contains the most P at 0.053 kg P/day for each
animal.14 All types of cattle manure contain a significant amount more P than poultry
with manure from tom turkeys containing 0.0020 kg P/day for each turkey.14 Given the
size discrepancy between animals, poultry manure contains more P per dry weight than
cattle manure. In Greene County, OH, the majority of P input comes from inorganic
fertilizers. In 2001 in Greene County, the P input from fertilizer on farm and nonfarm
land was 1,144,589 kg P and 29,074 kg P, respectively.14 The amount of P input from
livestock manure is much lower but still significant with an input of 251,325 kg P.14
ii. Organic and Inorganic P Forms
While P exists in water as soluble and particulate forms, it is more likely to be found
in sediment or soil. In sediments, P can be found in organic and inorganic forms. Organic
forms consist of inositol phosphates, organophosphate esters (OPEs), and PO43- sorbed to
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sedimentary organic matter.15 Structures of a few known organic P compounds are shown
in Figure 1.

Figure 1. Organic P forms found in soil including (a) phytic acid, (b) tris(2chloroisopropyl) phosphate, and (c) glyphosate.
Inositol phosphates, the major organic P form in soil, are naturally synthesized in the
environment by plants.16 Phytic acid is an inositol phosphate found in cereal grains as
phytin.15 OPEs are used as flame retardants and plasticizers that can accumulate in soil
due to poor disposal of OPE containing materials, sludge application, and sewage
irrigation.17 Glyphosate is a herbicide applied to genetically modified crops, typically
corn and soybeans, that has a strong affinity for soil but can still be found in surface
water runoff.18
Inorganic forms consist of minerals, precipitated PO43- salts (hydroxyapatite), and
metals sorbed to metal oxides and hydroxides (iron oxide).12 Possible structures of PO43binding to iron oxide via surface complexation is shown in Figure 2.

Figure 2. Possible configurations of PO43- adsorption onto iron oxide surfaces where (a)
is monodentate mononuclear, (b) is bidentate mononuclear, and (c) is bidentate
binuclear.19
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The sorption of orthophosphate on iron oxide surfaces is simply defined by Equation 1.20
𝐹𝑒𝑂𝑂𝐻 + 𝐻2 𝑃𝑂4− ↔ 𝐹𝑒(𝑂 − 𝐻2 𝑃𝑂4 ) + 𝑂𝐻 −

(1)

iii. Release from Sediments
PO43- can be released from sediment by physical, chemical, and biological processes.
This includes desorption, ligand exchange mechanisms, dissolution of precipitates,
mineralization processes, release from living cells, and autolysis of cells. These processes
occur due to many factors such as changes in temperature, pH, redox potential,
cyanobacteria, and more.21 In warmer months, bodies of water are able to become
thermally stratified leading to layers of water at different temperatures.11 In the cold,
bottom layer, the hypolimnion, dissolved oxygen (DO) concentrations are decreased
creating reducing conditions allowing P to be released from complexes into the water
column. PO43- can then be released from metal containing complexes that are reduced.
For example, iron (Fe) (III) in Fe-PO43- complexes is reduced to Fe (II) causing PO43- to
be released to the water column.21
Cyanobacteria can uptake P for an energy source in a few different ways.22 A figure
depicting those methods is shown in Figure 3.
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Figure 3. Cyanobacteria uptake of P by 1) overwintering on or near sediments, 2) sinking
to the hypolimnion during lake stratification, and 3) release of P from sediments by
benthic cyanobacteria.11,22

In Figure 3, arrow one shows cyanobacteria that overwinters on or near lake sediments
and uptakes P from the sediments. Arrow two shows cyanobacteria that uptake P during
lake stratification. The cyanobacteria sink to the hypolimnion and uptake P that is
released in anoxic zones. Arrow three shows benthic cyanobacteria that can liberate Pbound sediments. The cyanobacteria have good buoyancy control which allow it to sink
to the sediments, liberate bound PO43-, uptake P, release gases, and float back to the
epilimnion.22
d. Iron Contribution to HABs
Trace metals such as Fe and calcium (Ca) are essential to living organism’s
functionality. For optimal growth, cyanobacteria have a high demand for metals due to
metal cofactors in the first step of photosynthesis. Proteins that assist in electron transfer
and contain metal cofactors are cytochromes, plastocyanin, and chlorophyll rings. While
P and N are considered to be the limiting nutrient in cyanobacteria growth, some trace
9

metals alone or in combination with P and/or N can be considered the limiting factor.
Metal limitation can occur when metal concentrations are low or high due to metals
cycling between different oxidation states. Metals are often only soluble and bioavailable
at certain oxidation states.23 Fe exists in two oxidation states in the environment, Fe2+ and
Fe3+. Fe2+ is the reduced form which is stable at low pH levels and redox potentials. Fe3+
is the oxidized form and exists at moderate pH levels and high redox potentials. The
chemical reaction for the reduction of Fe is shown in Equation 2.
𝐹𝑒 3+ + 𝑒 − ⇌ 𝐹𝑒 2+

(2)

The stable forms of Fe in stratified lakes are shown in Figure 2. In the anoxic waters, the
dominant species of Fe is Fe2+. The dominant species of Fe in oxic waters is Fe3+ which
exists mainly as Fe (III) hydroxide.11
Fe, out of all trace metals, is the one most required for growth and most often limits
algal growth. Fe is directly involved in chlorophyll a synthesis, respiration, nitrogen
fixation, and photosynthesis making it crucial to cyanobacteria growth. When waters are
eutrophic, algae are produced at a high rate leading to an increase in oxygen uptake and
anoxic sediments. The change in DO concentration causes Fe in sediments to undergo an
oxidation state change from Fe3+ to Fe2+. Ferrous Fe is soluble and bioavailable for
cyanobacteria. On the other hand, in mesotrophic lakes, algae are produced at a slow rate
allowing the sediments to remain oxic. Therefore, Fe is stable in the ferric form and is not
bioavailable for cyanobacteria.23
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e. Caesar Creek Lake
i. History
Under the Flood Control Act of 1938, the U.S. Army Corps of Engineers (USACE)
created CCL when a dam was implemented to control flooding in the Little Miami
Watershed with construction beginning in 1972 and finishing in 1978.24,25 The Little
Miami Watershed consists of small streams including the Little Miami River.25 Some of
the small streams, two of the main being Caesar Creek and Anderson Fork, run into CCL.
The Little Miami Watershed reservoir typically covers 2,830 acres which can increase to
cover dry wildlife areas during heavy rain periods. The reservoir is surrounded by 10,186
acres owned by the Ohio Department of Natural Resources. Caesar Creek State Park
consists of 7,086 acres used for public hunting and fishing managed by the Division of
Parks and Recreation. The remainder of the surrounding land, 3,100 acres, consists of a
wildlife area managed by the Division of Wildlife. The wildlife area is made up of 50%
meadow and grain crops, 40% woodlands, and 10% a mixture of shrubs, small trees,
grasses, and forbs.19 CCL serves as the main source for drinking water in Wilmington,
OH.26
The surface water drainage areas throughout the United States are mapped out and
designated using hydrologic unit codes (HUCs). The Little Miami Watershed is a HUC8
and is broken down further into sub-watersheds (HUC12) that capture the tributary
systems. The HUC12 hydrologic units that make up the Little Miami Watershed are
shown in Figure 4.
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Figure 4. Map of the Little Miami Watershed where the orange zones show HUC12
hydrologic units, the blue represents lakes/streams, and the red dots represent sample
sites.
Looking at the map shown in Figure 4, it is seen that CCL resides in the Lower Caesar
Creek HUC12. The Caesar Creek tributary sample sites reside in the Middle Caesar
Creek HUC12. The Anderson Fork tributary sample sites reside in two HUC12
hydrologic units, Outlet Anderson Fork and Painters Run-Anderson Fork.
ii. HABs
A HAB is an overgrowth of algae in water due to excess nutrients. HABs produce
toxins that cause sickness and even death in animals and humans.27 The first HAB in
CCL was documented in December 2011.26 Cyanotoxins, toxins released from
cyanobacteria, were not detected in raw or treated water samples.26,28 Cyanobacteria is
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commonly known as blue-green algae and found in freshwater systems. There are many
types of cyanobacteria such as Microcystis and Dolichospermum. The most common
cyanotoxins found in the United States are microcystins, cylindrospermopsin, anatoxins,
and saxitoxins.28 From 2012 to 2016, no HABs were detected. In May 2017, the
microcystin concentration increased dramatically and was sustained throughout the
summer during another documented HAB.26,29 Microcystins were detected at CCL and
the Wilmington Water Treatment Plant in June 2017 which forced the city to switch to
the Burtonville Reservoirs on June 9. The city was able to switch back to CCL as their
main water source in July.29
In June 2018, saxitoxin was detected in CCL forcing the Wilmington Water
Department to switch to the Burtonville Reservoirs in July.29 Saxitoxins are a form of
cyanotoxin that belong to the Paralytic Shellfish Poisoning (PSP) toxins. The toxins are
transferred to consumers of shellfish after toxigenic marine dinoflagellates are consumed
by shellfish.28 Cylindrospermopsin, a type of cyanotoxin that causes liver and kidney
damage, appeared in the Burtonville Reserviors in mid-July.28,29 When the saxitoxin
concentration in CCL decreased, the water department was able to switch back to its
main water source.29
Another well-documented HAB took place summer 2019 from June to July. The
HAB in 2019 was most likely caused by Aphanizomenon, a type of filamentous bluegreen algae. The Wilmington Water Department was once again forced to switch to their
backup reservoirs.30
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f. Project Overview
The purpose of this project was to determine how riparian cover correlated with
sedimentary TP concentrations in the main tributaries of CCL and its relationship to
HABs in CCL. In an effort to document the flow of P into CCL, this project was designed
to determine the effects of riparian cover on sedimentary P in tributaries. To achieve this,
sediment samples were collected from Anderson Fork and Caesar Creek. The samples
were acid digested and analyzed for P and Fe following EPA methods, and riparian cover
was determined at each sample site using QGIS. Other parameters, such as sedimentary
TFe concentration and distance from the Anderson Fork and Caesar Creek confluence,
were also looked at to determine statistical correlations with TP concentrations. Land use
was studied around each sample site to discover possible significant sources of P entering
the tributaries. Are BMPs for riparian cover going to be a solution to reducing P runoff
and preventing HABs from occurring in CCL?

14

II.

EXPERIMENTAL METHODS

a. Materials Used
The following list of reagents, reference material, and materials, detailing the CAS
numbers, distributors, and purities, were used throughout the project:
1. 1000 mg/L Phosphorus Standard (CAS #7722-76-1, SPEX CertiPrep, 99.9%
purity)
2. 1000 mg/L Iron Standard (CAS #7439-89-6, SPEX CertiPrep, 99.9% purity)
3. Montana II Soil (SRM #2711a, NIST)
4. Hydrochloric Acid (CAS #7647-01-0, Fisher Chemical, TraceMetal Grade, 3437% HCl)
5. Nitric Acid (CAS #7697-37-2, Fisher Chemical, TraceMetal Grade, 67 to 70%
HNO3)
6. Polystyrene test tubes (Fisherbrand, 16-mL, 16x125-mm)
7. Water (ASTM Type I, 18-MΩ-cm resistance)
8. Glass sampling jars (Fisherbrand, 60-mL, clear, polytetrafluoroethylene (PTFE)
lined cap)
9. Narrow-mouth low density polyethylene (LDPE) bottles (Thermo Scientific, 125mL)
10. Plastic Spoons
b. Sampling Plan
Just south of Waynesville, OH, seven sample sites along Caesar Creek and Anderson
Fork were selected based on varying amounts of riparian cover. Table 1 below shows the
GPS location, sample ID, and distance from the Caesar Creek and Anderson Fork
confluence. A map showing the location of the sample sites relative to the lake can be
seen in Figure 3.
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Table 1. Sample ID, GPS Location, and Distance from Confluence for Sample Sites.
Sample
ID

Sample Site

GPS Location

Distance from AF/CC
Confluence (miles)

CCSR

Caesar Creek at Stone
Rd

39.6333, -83.8695

9.33

39.5993, -83.9649

2.82

39.5705, -83.9737

0.40

CCPR

CCRN

Caesar Creek at W
Spring Valley
Paintersville Rd
Caesar Creek at
Roxanna New
Burlington Rd

AFMR

Anderson Fork at
McKay Rd

39.5543, -83.8650

7.90

AFWR

Anderson Fork at Old
Winchester Trail

39.5665, -83.9026

4.90

AFEM

Anderson Fork at Engle
Mill Rd

39.5816, -83.9219

3.27

AF380

Anderson Fork at SR380

39.5675, -83.9655

0.43

Sediment samples were collected at all seven sites on November 4, 2020 following
the sampling SOP in Appendix A. The sampling SOP was written in accordance with the
Ohio EPA Sediment and Sampling Guideline and Methodologies (2nd Ed).31 At each site,
samples were collected from the right descending bank (RDB), left descending bank
(LDB), and center of stream (CENTER) for a total of 21 samples collected. On the banks,
sediment was collected from the surface using clean plastic spoons and transferred to a
clean sample jar. In the center of the stream, sediment was collected using a scoop shovel
to scrape the surface of the sediment. A clean plastic spoon was used to transfer sediment
from the shovel to a clean sample jar. In the field, sample jars were placed in a cooler
with an ice pack. Upon arrival to the lab, sample jars were stored in a freezer at -40℃ in
Oelman Hall 216.
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c. Acid Digestion of Sediments
Sample jars were removed from the freezer to thaw out overnight. Sediment samples
were transferred to plastic weigh pans to air dry in chemical fume hoods for 72 hrs.
Samples were stirred once a day with a plastic spoon. Dry samples are shown below in
Figure 5.

Figure 5. Sediment samples after the drying process and before grinding and sieving.
Once dry, sediments were ground with a ceramic mortar and pestle. Samples were then
sieved using a 2-mm sieve. Dry, sieved sediments were transferred back to corresponding
sample jars. A physical description of the dry sediment samples is given in Table 2.
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Table 2. Physical Description of Dry Sediment Samples
Sample ID

Physical Sediment Description

CCSR-LDB

stones, sand

CCSR-CENTER

stones, sand

CCSR-RDB

clay, sand

CCPR-LDB

sand, stones

CCPR-CENTER

sand

CCPR-RDB

clay

CCRN-LDB

clay,

CCRN-CENTER

clay, stones

CCRN-RDB

clay

AFMR-LDB

clay, stones

AFMR-CENTER

clay, stones

AFMR-RDB

clay, stones

AFWR-LDB

clay

AFWR-CENTER

sand, stones

AFWR-RDB

clay

AFEM-LDB

clay, stones

AFEM-CENTER

sand, clay

AFEM-RDB

sand, clay

AF380-LDB

clay

AF380-CENTER

sand, soil

AF380-RDB

clay

The percent moisture of each sediment sample was determined in triplicate before an
acid digestion was carried out. Aluminum weigh pans were labeled with the
corresponding sample ID. Approximately 0.4 g of sediment was transferred to the
aluminum weigh pan using a clean plastic spoon. The mass of the weigh pan and
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sediment were recorded. Weigh pans were folded to prevent loss of sediment and placed
in oven at 100 ℃ for 72 hrs. Upon removal from the oven, aluminum weigh pans were
placed in a desiccator to cool down. Once cool, masses of the weigh pan and sediment
were recorded. All mass measurements were recorded using a Mettler AE 240 Dual
Range analytical balance that is accurate to five decimal places. The percent moisture
was determined using Equation 3.
% 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 =

𝑀𝑎𝑠𝑠(𝑤𝑒𝑡) − 𝑀𝑎𝑠𝑠(𝑑𝑟𝑦)
× 100%
𝑀𝑎𝑠𝑠(𝑤𝑒𝑡)

(3)

Sediment samples underwent a hydrochloric and nitric acid digestion following SOP
7.4 to determine total phosphorus and total iron concentrations. SOP 7.4, found in
Appendix A, was written following EPA Method 3050B.32 Approximately 0.4 g of
sediment was weighed into an aluminum weigh pan and transferred to a clean 250-mL
Erlenmeyer flask. Samples were digested in triplicate. Using bottletop dispensers, 2.50
mL conc. HNO3 and 10.00 mL conc. HCl was added to each flask. Flasks were covered
with a watch glass and heated on a hot plate at 90 ℃ without boiling for 15 minutes.
Flasks were removed from hot plates to cool. Samples were filtered using a Whatman No.
41 filter into 100.00-mL volumetric flasks. Filters were washed with 5.00 mL hot conc.
HCl and 20 mL hot Type 1 reagent water into the 100.00-mL volumetric flasks. Filters
were placed back into the Erlenmeyer flasks with 5.00 mL of conc. HCl and heated to
dissolve the filter. Once the filter was dissolved, samples were again filtered using a
Whatman No. 41 filter collecting the filtrate in the 100.00-mL volumetric flask. Samples
were diluted to 100.00 mL using Type 1 reagent water and transferred to 125-mL LDPE
bottles. A method blank was digested with each round of digestions. A standard reference
material, Montana II Soil, was digested to determine the percent recovery. Most of the
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digested solutions were clear with a light-yellow tint. Samples AF380-RDB, AF380LDB, CCPR-RDB, and AFEM-LDB appeared to have a darker yellow tint than other
digested samples.
d. Inductively Coupled Plasma – Atomic Emission Spectroscopy (ICP-AES) Analysis
Digested samples were analyzed using a Varian 710-ES ICP-AES following SOP 5.6
found in Appendix A. SOP 5.6 was written following U.S. EPA Method 200.7.33 P and
Fe mixed standards were prepared according to Table 3.
Table 3. Preparation of Iron and Phosphorus Mixed Standards Calibration Standards.
Final Standard
Concentration

Standard Preparation

60.00 ppm Fe 2.00x103 ppb P

12.00 mL of 500.0 ppm Fe and 2.00 mL of 100.0 ppm P
in a 100.00 mL volumetric flask (v.f.)

50.00 ppm Fe 1.50x103 ppb P

10.00 mL of 500.0 ppm Fe and 1.50 mL of 100.0 ppm P
in a 100.00 mL v.f.

40.00 ppm Fe 1.20x103 ppb P

40.00 mL of 50.00 ppm Fe and 1.50x103 ppb P in a
50.00 mL v.f

30.00 ppm Fe 9.00x103 ppb P

30.00 mL of 50.00 ppm Fe and 1.50x103 ppb P in a
50.00 mL v.f.

20.00 ppm Fe 6.00x103 ppb P

25.00 mL of 40.00 ppm Fe and 1.20x103 ppb P in a
50.00 mL v.f.

15.00 ppm Fe 4.50x103 ppb P

25.00 mL of 30.00 ppm Fe and 9.00x103 ppb P in a
50.00 mL v.f.

Standards were prepared using a certified 1000-ppm Fe stock solution and certified 1000ppm P stock solution. A 500.0-ppm Fe solution was made by diluting 50.00 mL of 1000ppm Fe in a 100.00-mL volumetric flask. A 500.0-ppm P solution was made by diluting
50.00 mL of 1000-ppm P in a 100.00-mL volumetric flask. A 100.0-ppm P solution was
made by diluting 10.00 mL of 500.0-ppm P in a 50.00-mL volumetric flask. All standards
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were diluted using 4% HNO3. Standards were transferred to LDPE bottles for storage
until ICP-AES analysis.
Digested samples and standards were poured into clean 16-mL plastic tubes for ICPAES analysis. P and Fe were analyzed at wavelengths of 213.618 nm and 238.204 nm,
respectively. Maximum intensity values were obtained automatically by the ICP-AES
Expert software for standards and samples. Instrument limit of detection for P and Fe at
the specified wavelengths are approximately 20 ppb and 10 ppb. Instrument parameters
are outlined below in Table 4.
Table 4. ICP-AES instrument settings for P and Fe analysis.
Instrument Parameter

Setting

Power (kW)

1.2

Plasma flow (L/min)

15

Auxiliary flow (L/min)

1.5

Nebulizer pressure (kPa)

200

Replicate read time (s)

10

Instrument stabilization delay
(s)

15

Sample uptake delay (s)

30

Pump rate (rpm)

15

Rinse time (s)

10

Number of replicates

3

Intensity values of the standards were used to create calibration curves for the P and Fe
mixed standards. A linear regression fit was applied to each calibration curve using
Excel. All calibration curves resulted in correlation coefficients, R2>0.995. The
calibration curves can be found in Appendix B. A few digested samples, CCSR-LDB-R3,
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AF380-LDB-R2 and all AF380-RDB triplicates, showed a greater response than the
highest standard on the P calibration curve. All AF380-RDB triplicates showed a greater
response than the highest standard on the Fe calibration curve. Samples mentioned above
were diluted 1:2 with Type I ASTM water and reanalyzed. It should be noted, samples
should have been diluted with 4% HNO3 to keep the matrix consistent. The intensity
values obtained were corrected for by subtracting the method blank intensity from the
sample intensity. The corrected intensity was then plugged into the linear regression
equations to solve for TP and TFe concentrations (mg/L) in the digested samples.
Concentrations were converted from mg/L to mg/kg dry weight using the mass of dry
sediment weighed out for digestion and final diluted volume. Sediment concentrations
were corrected for using the percent recoveries calculated for TP and TFe. The percent
recoveries were calculated for TP and TFe on the ICP-AES using a digested standard
reference material, Montana II Soil. The percent recoveries for TP and TFe were
calculated to be 91.70% and 83.54%, respectively.
e. Standard Reference Material
Before sample digestions and analysis took place, the standard reference material
(SRM) was digested and analyzed to verify the methods would work. Approximately 0.4
g of the Montana II Soil was digested and analyzed in duplicate following the steps
outlined in the previous sections. The SRM was analyzed alongside P and Fe mixed
standards ranging from 0 to 5 ppm P and Fe. The P and Fe calibration curves can be
found in Appendix B. The digested SRM sample was diluted 1:10 with high quality water
twice in order to get the intensity response for Fe within the bounds of the Fe calibration
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curve. Again, the SRM sample should have been diluted with 4% HNO3. The date of
analysis for this SRM was 07/01/2021.
During sample acid digestions and ICP-AES analysis, the SRM was once again
digested and analyzed. However, this time only approximately 0.1 g of SRM was
digested. The SRM sample was analyzed on 09/30/2021. Percent recoveries for this SRM
sample were much lower than the SRM analyzed on 07/01/2021. It was determined that
an error was made in the SRM analyzed on 09/30/2021. The certificate of analysis states
that a minimum mass of 250 mg should be used to for analytical determinations to be
related to the certificate of analysis mass fractions.34 Therefore, the percent recoveries
determined for the SRM analyzed on 07/01/2021 were used to correct the sample P and
Fe concentrations.
f. Riparian Cover Calculations
Riparian cover calculations were carried out using QGIS following USGS protocols
for mapping and characterizing land use/land cover in riparian zones.35 An example of
the resulting measurements is shown below in Figure 6, and the remaining QGIS riparian
cover maps can be found in Appendix C.
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Figure 6. Resulting map in QGIS showing riparian cover calculations at sample site
Anderson Fork at Engle Mill Rd where the red filled polygons show trees, the green filled
polygons show grass, the brown filled polygons show no riparian cover, and the purple
filled polygons show urban areas.
To define the riparian zone, Equation 4 was used to determine the study segment length,
or the distance upstream from the sample site.35
𝑥 = 𝑙𝑜𝑔10 (𝐴𝑑 )

(4)

In Equation 4, x is distance in kilometers and Ad is the basin area in square kilometers.
Although the units of the equation do not work out, the point is to derive a segment
length to standardize segment length in relation to basin area.35 The basin area for each
sample site was determined using the areas of the sub-watersheds (HUC12). The basin
area and upstream segment length for each sample site are outlined in Table 5.
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Table 5. Basin Area (Ad) and Upstream Segment Length (x) for each Sample Site.
Sample Site

Ad (km2)

x (km)

AF380

244.76

2.39

AFEM

244.76

2.39

AFWR

200.89

2.30

AFMR

200.89

2.30

CCRN

227.44

2.36

CCPR

227.44

2.36

CCSR

149.50

2.17

The maximum buffer length of 250-meters (m) was used. In QGIS, the 250-m buffer was
implemented through the following steps: Vector > Geoprocessing Tools > Buffer. The
NHDFlowline was used as the input layer for the Buffer layer. Types of coverage in the
riparian zone were categorized into tree cover (TC), grass cover (GC), urban cover (UC),
and no cover (NC). Urban cover consists of paved roads and buildings such as houses and
barns. No cover consists of dirt roads and crop fields. In QGIS, new layers were
implemented for each type of cover using the following steps: Layer > Create Layer >
New Shapefile Layer. At each sample site, polygons were drawn over each type of cover
in the riparian zone, and the areas of each type of cover were calculated using the $area
function. The percentage of each zone was determined using Equation 5.
% 𝑐𝑜𝑣𝑒𝑟 =

𝑐𝑜𝑣𝑒𝑟 𝑎𝑟𝑒𝑎
𝑡𝑜𝑡𝑎𝑙 𝑟𝑖𝑝𝑎𝑟𝑖𝑎𝑛 𝑧𝑜𝑛𝑒 𝑎𝑟𝑒𝑎

This process was carried out for all sample sites.
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(5)

g. Statistical Analysis
The Wright State University Statistical Consulting Center was utilized to determine if
there was a statistical relationship between riparian cover and sedimentary phosphorus
concentrations. Michael Bottomley of the department ran a mixed effects ANCOVA
(analysis of covariance) using SAS version 9.4 to determine statistical relationships. The
level of significance used was α = 0.05. The response variable was TP concentration
while predictor variables were included for stream, location, TFe concentration, tree
coverage, grass coverage, urban coverage, and distance from the tributary confluence.
Interaction variables were accounted for between iron concentration/distance from
confluence and stream/location. p-values were obtained for each predictor variable and
were considered significant if p-value ≤ 0.05. Replicates CCSR-LDB-R3 and AFMRCENTER-R1 were not included in the analysis due to influencing the results.
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III.

RESULTS

a. Sedimentary TP and TFe Concentrations
Average sedimentary TP concentrations for all sites are outlined in the following table.
Table 6. Sedimentary TP Concentrations, Standard Deviations, and Relative Standard
Deviations for Anderson Fork and Caesar Creek.
Average TP
Concentration (mg/kg)
340

Standard Deviation
(mg/kg)
27.3

269

38.2

14.2

AFMR-RDB

348

31.8

8.34

AFWR-LDB

384

32.5

8.02

AFWR-CENTER

196

44.2

18.6

AFWR-RDB

310

19.3

6.51

AFEM-LDB

422

35.7

7.90

AFEM-CENTER

311

35.4

11.5

AFEM-RDB

262

40.6

15.4

AF380-LDB

486

46.7

10.3

AF380-CENTER

219

19.5

8.55

AF380-RDB

545

14.7

2.62

CCSR-LDB a

194

15.8

8.13

CCSR-CENTER

304

68.5

23.9

CCSR-RDB

283

33.6

13.2

CCPR-LDB

288

22.6

7.34

CCPR-CENTER

196

34.6

15.3

CCPR-RDB

445

23.2

5.11

CCRN-LDB

329

14.0

3.65

CCRN-CENTER

376

42.0

11.8

Sample ID
AFMR-LDB
AFMR-CENTER

a

% RSD
8.79

CCRN-RDB
374
19.0
6.01
a – concentrations reported are an average of duplicate samples upon removal of one
triplicate samples
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The sedimentary TP concentrations reported in Table 6 are an average of triplicate
digested samples, except for samples AFMR-CENTER and CCSR-LDB. For AFMRCENTER, triplicate 1 was removed. Triplicate 3 for CCSR-LDB was removed. The two
designated replicates were removed due to uncommonly large standard deviations and
relative standard deviations for TP concentrations indicating a possible error in analysis.
Average sedimentary TFe concentrations for all sample sites are outlined below in
Table 7.
Table 7. Sedimentary TFe Concentrations, Standard Deviations, and Relative Standard
Deviations for Anderson Fork and Caesar Creek.
Sample ID
AFMR-LDB
AFMR-CENTER
AFMR-RDB
AFWR-LDB
AFWR-CENTER
AFWR-RDB
AFEM-LDB
AFEM-CENTER
AFEM-RDB
AF380-LDB
AF380-CENTER
AF380-RDB
CCSR-LDB
CCSR-CENTER
CCSR-RDB
CCPR-LDB
CCPR-CENTER
CCPR-RDB
CCRN-LDB
CCRN-CENTER
CCRN-RDB

Average TFe
Concentration (mg/kg)
9646
9008
8655
10760
7929
9774
9776
9907
7270
10390
5368
17880
7595
9589
7678
6717
8008
10910
8320
9078
8322
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Standard Deviation
(mg/kg)
632.7
1313
369.9
1241
841.5
155.3
552.7
1262
1158
367.1
198.7
407.6
1381
834.0
817.5
354.6
312.6
338.9
196.1
762.8
64.50

% RSD
6.981
12.85
4.084
12.43
10.16
1.579
5.886
11.11
13.48
3.671
3.843
2.223
18.26
9.227
11.50
5.015
6.582
3.087
2.311
7.979
0.772

The sedimentary TFe concentrations reported in Table 7 are an average of triplicate
digested samples.
b. Standard Reference Material
The certified mass fractions of P and Fe in the Montana II soil are 842 ± 11 mg/kg
and 28200 ± 40 mg/kg. The results from the analysis of the SRM on 07/01/2021 and
09/30/2021 are outlined in Table 8.
Table 8. ICP-AES Results and Percent Recovery for SRM Montana II Soil.
Phosphorus

Iron

Date
Analyzed

Avg
Concentration
(mg/kg)

Std Dev
(mg/kg)

%
RSD

%
Recovery

Avg
Concentration
(mg/kg)

Std Dev
(mg/kg)

%
RSD

%
Recovery

7012021

772

50.0

6.47

91.7

23560

3554

15.09

83.50

9302021

687

10.5

1.53

81.6

16760

203.6

1.215

59.43

The concentrations reported in the table above are an average of duplicate digested SRM
samples. The % recoveries for the SRM analyzed on 09/30/2021 are much lower than the
% recoveries reported for the sample analyzed on 07/01/2021. This is due to not digesting
enough sediment to relate the experimental average concentrations to the certified mass
fractions reported in the Certificate of Analysis.34 Therefore, the average TP and TFe
concentrations reported in Tables 5 and 6 were corrected using the % recoveries, 91.7 %
P and 83.5% Fe, obtained from the sample analyzed on 07/01/2021.
c. Riparian Cover
Riparian cover was determined for each sample site. The amount of riparian cover at
each site is outlined in the following table.
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Table 9. Percentages of Tree Cover, Grass Cover, Urban Cover, and No Cover for
Anderson Fork and Caesar Creek.
Sample Site

% TC

% GC

% UC

% NC

AF380

64.57

1.30

0.47

33.66

AFEM

48.25

20.47

1.41

29.87

AFWR

30.52

12.00

1.31

56.17

AFMR

62.94

16.45

2.96

17.64

CCRN

76.60

7.27

0.22

15.91

CCPR

31.94

13.06

1.97

53.03

CCSR

48.94

10.79

3.27

37.00

Types of riparian cover were defined as tree cover (TC) and grass cover (GC). The
percent of urban cover (UC) at each site was also determined. Urban cover for this
project consists of paved roads and buildings. Sample sites were picked based on varying
amounts of riparian cover and ease of accessibility for sampling.
d. ANCOVA
The model was first run accounting for both interaction variables, TFe
concentration/distance form confluence and stream/location. The interaction variable
between TFe concentration and distance from confluence was found to not be significant
with a p-value = 0.42. Therefore, that interaction variable was removed from the model,
and the mixed effects ANCOVA was carried out with an interaction variable between
stream and location. The results for the mixed effects ANCOVA analysis are outlined in
Table 10, and the full analysis report can be found in Appendix D.
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Table 10. Mixed Effects ANCOVA Results.
Variable

p-value

Stream

0.75

Location

0.0636

Iron

< 0.0001

TC

0.1031

GC

0.8414

UC

0.1838

Distance from Confluence

0.0321

Stream*Location

0.0134

In Table 10, stream designates for a difference between Anderson Fork and Caesar
Creek. Location looks for a difference between bank and center of stream concentrations.
TC, GC, and UC stand for percent tree, grass, and urban cover at each site.
Stream*Location designates the interaction variable between stream and location. The
bold numbers in the table above indicate a significant response variable. TFe
concentration, distance from confluence, and the interaction variable between stream and
location were found to be significant.
The significant interaction variable (p-value = 0.0134) between stream and location
means that differences in TP concentrations at the LDB, RDB, and CENTER is not
necessarily constant for Anderson Fork and Caesar Creek. Turkey’s multiple comparison
procedure was used to investigate potential differences between the streams and location
by looking at all possible combinations. The results showed that only Anderson Fork
LDB and Anderson Fork CENTER had a significant mean difference in sedimentary TP
concentrations with p-value = 0.0195. All other possible combinations between stream
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and location were found to be insignificant. Full results of Turkey’s multiple comparison
procedure can be found in Appendix D.
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IV.

DISCUSSION

a. Sedimentary TP and TFe Concentrations
The sedimentary TP concentrations ranged from 195 mg/kg dry wt to 486 mg/kg dry
wt with the largest percent relative standard deviation being 132.38%. Overall, the
percent relative standard deviations were low meaning the triplicate concentrations are
precise indicating a level of precision that gives confidence in the results. The samples
CCSR-LDB and AFMR-CENTER had large percent relative standard deviations of
132.38% and 24.78% indicating an error likely occurred somewhere in analysis. Because
the concentrations of CCSR-LDB-R1 and CCSR-LDB-R2 were close, the average of
those two values were taken to get a more accurate value which is reported in Table 6.
The same was done for samples AFMR-CENTER-R2 and AFMR-CENTER-R3 to get
the average reported in Table 6. After removal of those two replicates, the percent
relative standard deviation was lower than 24% for all samples. While this may still seem
like a large relative standard deviation, the higher than usual standard deviations and
percent relative standard deviations are expected when analyzing sediments due to the
heterogenous nature of sediments.
The sedimentary TFe concentrations ranged from 5367 mg/kg dry wt to 17876 mg/kg
dry wt with the largest percent relative standard deviation being 18.26% between
triplicate samples at each sample site location. The percent relative standard deviations
for sedimentary TFe concentration were overall low. The large relative standard
deviations that were observed for CCSR-LDB and AFMR-CENTER TP analysis were
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not observed for the TFe analysis. Relative standard deviations for TFe for those samples
were slightly increased, but not as impacted for TP analysis. Therefore, all triplicates
were utilized when computing average TFe concentrations.
Due to phosphate’s affinity for iron oxides, it was expected to see a positive trend
between sedimentary TP and TFe concentrations. To observe this trend, the following
plot of TFe concentration versus TP concentration was constructed using the
concentrations reported in Tables 5 and 6.

Figure 7. Plot of sedimentary TFe concentration versus sedimentary TP concentration for
Anderson Fork and Caesar Creek with linear regression fits.

Looking at Figure 7, it is seen that there is a strong positive relationship between TP and
TFe concentrations at both creeks. The equations obtained for the linear fits for Anderson
Fork and Caesar Creek are shown in Equations 7 and 8.
𝑦 = 23.5𝑥 + 1678.3
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(7)

𝑦 = 16.3𝑥 + 3083.8

(8)

As the TFe concentration increases, the TP concentration also increases as represented by
the positive slopes in Equations 7 and 8. Both streams seem to have relatively the same
concentrations except for the AF380-RDB site which is much greater. The large amount
of Fe at site AF380-RDB may be due to construction that occurred on the bridge at the
site. The large TFe concentration in the sediments and positive relationship between TFe
and TP means there is most likely a high concentration of Fe-PO43- complexes. PO43- can
sorb onto iron oxides to form metal-ligand complexes. Therefore, the PO43- is retained in
the sediments versus being released into the water column.
In Equations 7 and 8, the slope represents change in Fe concentration to change in P
concentration resulting in a ratio (Fe:P). Fe:P values can be used to show the degree at
which P binds to Fe minerals in the sediments. Higher Fe:P ratios indicate that there is an
excess of Fe that P can bind to, and lower ratios indicate less Fe minerals for P to bind to.
The Fe:P ratios for each sample site were calculated using the average concentrations
reported in Tables 5 and 6.
Table 11. Calculated Fe:P for Anderson Fork and Caesar Creek.
Fe:P
Site

LDB

RDB

CENTER

AF380

21.4

32.8

24.5

AFEM

23.1

27.8

31.8

AFWR

28.0

31.6

40.5

AFMR

28.3

24.9

33.4

CCRN

25.3

22.2

24.1

CCPR

23.3

24.5

26.1

CCSR

39.1

27.1

31.5
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Calculated Fe:P values range from 21.4 to 40.5 indicating that there is an excess of Fe
minerals in the sediment for P to bind to. The average Fe:P ratios for Anderson Fork and
Caesar Creek were 29.0 and 27.0, respectively. The ratios for both tributaries are
relatively the same indicating a similar concentration of Fe-PO43- complexes would be
found at the tributaries.
ANCOVA results showed that sedimentary TFe concentrations were statistically
significant to sedimentary TP concentrations with a p-value < 0.0001. The results show
that there is a strong linear coefficient between TP and TFe sediment concentrations. The
estimated coefficient for iron concentration is 0.02 mg/kg meaning for every 1 mg Fe/kg
increase there should be a 0.0224 mg P/kg increase if all other variables are held
constant.
b. Riparian Cover
Contrary to what was expected, there was no clear trend observed between riparian
cover and sedimentary TP concentrations. Sample site CCRN had the greatest percentage
of TC at 76.60% but did not have the lowest TP concentrations at any location. In fact,
CCRN had the highest average TP concentration of 376 mg/kg amongst all center
locations. Sample site AFEM had the greatest percentage of grass cover at 20.47% and
the second highest average TP concentration at the LDB. However, the sample site with
the lowest percentage of grass cover, AF380, had the highest average TP concentrations
for the LDB and RDB locations. The percentage of grass cover at AF380 was 1.30%, and
the average TP concentrations for the LDB and RDB were 486 mg/kg and 545 mg/kg.
The ANCOVA results show that there was no significant relationship between
sedimentary TP concentrations and TC, GC, and UC (p-values > 0.1). One reason for the
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unexpected results are stormwater runoff events. In stormwater runoff events, sediments
are carried along streambeds as suspended solids. If upstream sites are substantially
contributing suspended solids, the effects of riparian cover can be hindered downstream
due to P moving by suspended solids downstream into the lake. Although there may be a
large amount of riparian cover downstream, the P is already in the stream from upstream
sites. Another possible reason that riparian cover was not found to be statistically
significant to sedimentary TP concentrations could be due to nutrient saturation in
riparian zones. Due to years of fertilizer and manure applications, upper soil layers in
riparian buffers can be become over saturated with P and other nutrients leading to P
entering waterways versus being retained in the riparian zone. Also, the riparian zones
around the tributaries consist mainly of tree cover. When trees become older, less
nutrients are required for growth reducing the amount of nutrients that are taken up from
the soil through the tree roots.
c. Distance from Confluence Trends
The ANCOVA results show that distance from the tributary confluence is statistically
significant to sedimentary TP concentration with p-value = 0.0321. The estimated
coefficient for distance is -19.08 mg/kg meaning if all other variables were held constant,
the TP concentration would increase 19.08 mg/kg for every 1.00 mile
decrease/downstream. According to literature, P moves downstream due to stormwater
runoff events and the movement of suspended solids in riverbeds.37 Therefore, it was
expected that TP concentrations would be greater downstream than upstream. To observe
this trend, the following bar graphs were made.
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Figure 8. Bar graphs of TP concentration versus rive mile for (a) Anderson Fork and (b)
Caesar Creek.

P Concentrations in Figures 8a and 8b were split up among left descending bank (LDB),
right descending bank (RDB), and CENTER to determine how the trend varied for each
site location. Looking at Figure 8a, it is seen that the bank TP concentrations are greater
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than center P concentrations at Anderson Fork except for distance = 3.27 miles (AFEM).
For Caesar Creek, that trend is not as prominent with distances 0.40 and 9.33 miles
having center TP concentrations greater than one or both bank TP concentrations. At a
majority of the sample sites, the streambank TP concentrations were greater than the
streambed concentrations indicating that P is deposited in the streambanks contributing to
legacy P. ANCOVA results revealed an interaction variable between stream and location
meaning that differences in TP concentrations between banks and center are not
necessarily constant for Anderson Fork and Caesar Creek. Looking at all possible
combinations of stream and location, the only statistically significant difference was
found between Anderson Fork CENTER and LDB TP concentrations with p-value =
0.0195. The estimated mean difference is 107.93 mg P/kg higher on the LDB than the
center of the stream.
The bar graphs in Figure 8 show that as the distance decreases, the bank TP
concentrations increase while the center TP concentrations tend to stay the same. More
plots were made to determine the exact relationship between distance and bank TP
concentrations.
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Figure 9. Plots of TP concentration versus river mile for (a) Anderson Fork and (b)
Caesar Creek with linear regression fits.
As seen in Figure 9, the linear regressions show that bank TP concentrations increase
with decreasing distance meaning TP concentrations increase downstream. LDB TP
concentrations and distance for Anderson Fork and Caesar Creek are strongly correlated
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as shown by correlation coefficients of 0.99. RDB TP concentrations and distance are
less correlated with correlation coefficients of 0.34 and 0.57 for Anderson Fork and
Caesar Creek. However, the RDB TP concentrations still exhibit an inverse relationship
with distance.
The strong correlation between LDB TP concentrations and distance from the
confluence could possibly be explained by looking at the overall arc of the streams.
Anderson Fork and Caesar Creek both have an overall arc which can be seen in Figure
10.

Figure 10. Stream outline for Anderson Fork and Caesar Creek where the red circles
indicate the sampling locations. Banks for each stream are overall labelled as LDB/RDB
and cutting/depositional.

Looking at the overall arc of the streams, the banks can be assigned as depositional or
cutting. Depositional stream banks or point bars are typically located on the inside of the
bend and water flow is lower causing sand, gravel, small stones, and suspended material
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to settle out. Cut banks are located on the outside bend of the stream and water flow is
greater causing stream bank erosion. The LDB of both streams is classified as
depositional due to being on the inside of the overall bend of the stream. The correlation
coefficients close to one for LDB TP concentrations and distance from the confluence are
representative of deposition occurring at the LDB of both streams. The RDB of both
streams is classified as cutting due to being on the outside of the stream bend. Lower
correlation coefficients for RDB TP concentrations and distance form confluence could
be due to erosion occurring on the cutting bank and P being transported downstream.
d. Land Maps
i. ACPF Maps
Agricultural Conservative Planning Framework (ACPF) is a concept for agriculture
watershed management in which high resolution maps, ArcGIS, and knowledge from
local soil and water divisions are utilized to implement conservation practices at the
HUC12 level. The concept is based on the conservation pyramid in which building soil
health is the base followed by controlling water within fields, controlling water below
fields, and riparian management. Technologies used to control these conservation
practices include nutrient/manure management, controlled drainage, grassed waterways,
filter strips, wetlands, and more.38 Using data from sources such as soil and land use data
from the USDA, ACPF maps are created to show good potential locations for these
conservation technologies.39
While a majority of the sample sites had similar bank TP concentrations, some
sample sites, like AFEM and CCPR, had dramatic TP concentrations differences greater
than 100 mg P/kg between the LDB and RDB. ACPF maps for the Little Miami
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Watershed were studied to identify runoff risks for varying LDB and RDB P
concentrations. Around the same size riparian zone used for the riparian zone calculations
in QGIS was focused on when studying the ACPF maps. An example of an ACPF map at
sample site AFEM is shown in Figure 11.
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Figure 11. ACPF map and legend at sample site AFEM where the yellow star shows the sample location, and the red circle shows
the high runoff risk field.40
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AFEM had LDB and RDB TP concentrations equal to 422 mg P/kg dry wt and 262
mg P/kg dry wt, respectively. Looking at the map in Figure 11, the LDB is on the left
side of the stream, and the RDB is on the right side of the stream. Close to the sample site
on the RDB, the ACPF map shows a good potential location for drainage water
management. Therefore, the amount of water discharge would be controlled by water
structures implemented on top of subsurface drainage tiles. However, data shows that the
sedimentary TP concentrations are greater on the LDB which could potentially make it a
better candidate for drainage water management at the high runoff risk field.
Agricultural fields are assigned runoff risks based on proximity to stream and slope
steepness. Runoff risks are categorized as very high, high, medium, and low. Fields that
are categorized with a very high runoff risk are most likely to deliver sediment and P to
the stream via surface water runoff. The downstream field on the LDB side is categorized
as having a very high runoff risk compared to medium runoff risk on the LDB side where
drainage water management is recommended.
CCPR was another sample site in which the bank TP concentrations varied greatly.
The LDB and RDB TP concentrations were 288 mg P/kg dry wt and 445 mg P/kg dry wt,
respectively. The ACPF map at sample site CCPR is shown in Figure 12, and the ACPF
maps for all other sample sites can be found in Appendix C.
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Figure 12. ACPF map and legend at sample site CCPR where the yellow star shows the sample location, and the red circle shows the
high runoff risk field.40
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In Figure 12, the LDB is on the right side of the stream, and the RDB is on the left
side of the stream. Like AFEM, there is a field recommended for drainage water
management close to the sample site on the RDB. Based on the increased TP
concentrations on the RDB, this field would be a good location for drainage water
management. On the RDB side of the tributary, there is an upstream site in which there is
a high runoff risk field. The TP contribution from the high runoff risk upstream site could
be contributing to the elevated RDB TP concentrations. Fields on the LDB are assigned
low and medium runoff risks. Therefore, there is likely to be more surface water runoff
entering the tributary on the RDB than the LDB accounting for the higher TP
concentrations on the RDB.
ii. PCSI Map
In the drinking water source assessment for the City of Wilmington, potential
contaminant sources that have the ability to affect water quality were determined in the
corridor management zone (CMZ). The CMZ is the area 10 miles upstream of the intake
platform and surrounding tributaries that drain into the stream. The full map result of the
potential contaminant source inventory (PCSI) for the city of Wilmington at Caesar
Creek Lake can be found in Appendix C. Four samples sites, AF380, AFEM, CCRN, and
CCPR, are located inside the CMZ. Areas surrounding the sample sites on the PCSI map
were looked at to pinpoint reasons for elevated TP concentrations.
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Figure 13. PCSI map zoomed in showing the sample locations depicted by orange stars
along the streams.
Around the sample sites, there are few potential contaminant sources that could lead to
increased TP concentrations. Potential contaminant sources around said sample sites
consist mainly of approved biosolids application fields which are depicted by the
polygons with tan diagonal lines in Figure 13. Approved biosolids application fields are
located in the vicinity of CCRN-LDB and RDB, CCPR-LDB, AF380-RDB, and AFEMLDB and RDB. Because a field is approved for biosolids application does not mean that
biosolids are being applied making it difficult to determine if biosolid application is a
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reason for increased sedimentary TP concentrations. However, it is likely that biosolids,
such as livestock manures, are being applied to help the growth of crops.
e. Comparison of Results to Literature and Future Work
The following table outlines five studies in which streambank TP concentrations were
determined in agricultural areas
Table 12. Location and Sedimentary Streambank TP Concentration of Published Studies.
Study

Location

Streambank TP Conc
(mg/kg) Range

This study

Caesar Creek Lake, Ohio

194 - 545

Blue Earth River, Minnesota

249 - 452

Thoma et al.
(2005) 41
Zaimes et al.
(2008) 42
Tufekcioglu
(2010) 43
Miller et al.
(2014) 44
Purvis et al.
(2016) 45

Central, northeast, and
southeast Iowa
Rathbun Lake Watershed,
Iowa
Barren Fork Creek,
Oklahoma
Spavinaw Creek and Barren
Fork Creek, Oklahoma

303 - 555
246 - 329
239 - 383
200 - 375

Streambank TP concentrations found in Anderson Fork and Caesar Creek were
comparable to concentrations reported in other agricultural areas throughout the United
States. Zaimes et al. also calculated streambed, defined in this study as center, TP
concentrations which ranged from 194 mg P/kg to 964 mg P/kg.42 Streambed TP
concentrations in this study ranged from 196 mg P/kg to 376 mg P/kg which is a much
narrower range than reported by Zaimes et al.
Studies completed by Miller et al. and Purvis et al. were carried out at different
watersheds in Oklahoma that exhibit similar characteristics such as streambank
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characteristics, land use, and land management. While the streambank TP concentrations
were found to be similar, the water soluble P (WSP) were found to be different with WSP
concentrations of 1-25 mg P/kg at Barren Fork Creek and 0-10 mg P/kg at Spavinaw
Creek.44,45 Miller et al. observed a trend in which upstream sample sites in the watershed
had the highest TP concentrations while Purvis et al. did not observe a longitudinal
trend.44,45 A trend opposite from Miller et al. was observed in which downstream sample
sites had higher TP concentrations. These studies highlight that although sample site
characteristics may be the same, streambank concentrations and trends may be different.
In the Zaimes et al. study, TP concentrations were determined among different
riparian land uses including row-cropped fields, continuous pastures, intensive rotational
pastures, rotational pastures, pastures streams fenced, grass filters, and riparian forest
buffers. Out of 56 samples, only four were found to have significant differences among
different riparian land uses.42 Therefore, as in this study, it can be concluded that various
land uses do not always play a significant role in sedimentary TP concentrations in
agricultural areas.
Positive relationships between surface sediment P and Fe concentrations indicate the
formation of iron-phosphate complexes in sediment. In a study of Lake Taihu done by
Ding et al, it was found that there was a positive relationship between labile Fe and P in
sediments.46 A positive relationship between dissolved reactive P and dissolved Fe in
surface sediments was discovered by Wang et al. at the Aha Reservoir in China.47 These
findings correspond to this study in which a positive relationship was observed between
TFe and TP in surface sediments.
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Collecting more sediment samples at more sample sites along Anderson Fork and
Caesar Creek should be a focus of future research. Only four sites along Anderson Fork
and three sites along Caesar Creek were sampled. Acquiring more sample sites along the
two main tributaries could lead to more insight into how TP and TFe concentrations vary
throughout the tributaries. Upon uncovering a clear trend between sedimentary TP and
TFe concentrations, sediment samples should also be analyzed for Fe-PO43- complexes.
To do this, a sequential phosphorus extraction must be done to isolate the metal-ligand
complexes. The fraction can then be analyzed for P and Fe to determine the total
concentration of Fe-PO43- in the sediment. This will lead to insight on if the complexes
are a major contributor to internal P loading in CCL during anoxic conditions.
Future research should focus on P loading from high runoff risk fields during
stormwater runoff events. Research has shown that a majority of P introduced into
streams in agricultural watersheds is due to sediment runoff from fields during high flow
events. ACPF maps revealed high runoff risks near sample sites that could be monitored
for P loading during runoff events. Suspended sediment from runoff can be extracted and
analyzed for P and Fe to determine if runoff is contributing a significant amount of
particulate P and Fe to the tributaries.

51

V.

CONCLUSIONS

The primary objective of this study was to determine the relationship between
riparian cover and sedimentary TP concentrations in the main tributaries and their
relationship to HABs in CCL. Using U.S. and Ohio EPA methods, SOPs were written
and optimized for sediment sampling at Anderson Fork and Caesar Creek, acid digestion
of sediments, and ICP-AFES analysis of digested solutions for TP and TFe. Following
USGS protocols for determining land cover/land use, types and percentages of riparian
cover at sample sites were determined using QGIS 3.14. A mixed effects ANCOVA was
run to determine any significant relationships between sedimentary TP concentrations
and predictor variables.
Higher TP concentrations were found in the streambanks than the streambeds
indicating that P-runoff from surrounding fields is deposited in the banks contributing to
legacy P. Significant TFe concentrations (p-value<0.0001) were also found in the main
tributaries. A positive trend was observed between sedimentary TP and TFe
concentrations most likely indicating a large concentration of Fe-PO43- complexes. The
metal-ligand complexes can contribute to HABs in CCL when bottom water and
sediment become anoxic allowing Fe to be reduced and releasing PO43- to the water
column creating a nutrient source for algae and cyanobacteria.
Distance from the Anderson Fork and Caesar Creek confluence was found to be
statistically significant (p-value=0.0321) to sedimentary total phosphorus concentration.
Graphs of total phosphorus concentration vs. distance with linear regression fits revealed
52

a strong correlation (R2>0.99) between left descending bank total phosphorus
concentrations and distance to the confluence for both tributaries. As the distance from
the confluence increased, the total phosphorus concentration decreased indicating that the
phosphorus is moving downstream towards the lake. The phosphorus can travel
downstream by sorption to suspended solids in the streambeds during stormwater runoff
events leading to an accumulation of phosphorus.
Contrary to what was expected, riparian cover was not related to sedimentary total
phosphorus concentrations in the main tributaries. The mixed effects ANCOVA revealed
that tree cover, grass cover, and urban cover were all not statistically significant to
sedimentary total phosphorus concentrations (p-value>0.1). Sample site AFEM had the
greatest percentage of grass cover while also having one of the highest sedimentary TP
concentrations among the sample sites. The furthest downstream sites, AF380 and
CCRN-LDB, had the highest sedimentary bank TP concentrations while also having the
greatest percentage of tree cover among Anderson Fork and Caesar Creek. It can be
concluded that the positive effects of riparian cover downstream is being hindered by
upstream sample sites that are contributing a significant amount of phosphorus through
the application of manures and fertilizers on fields in the drainage basins.
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VII.

APPENDIX A

Standard Operating Procedure
CAESAR CREEK LAKE TRIBUTARIES SEDIMENT SAMPLING PLAN
October 26, 2020
Audrey McGowin, PhD
Morgan Grunden
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A. SCOPE OF APPLICATION
Sources of phosphorus include soil erosion, detergents, septic systems, and fertilizers
which are all related to human activities. The nutrient is critical for all forms of life.
Phosphorus is considered the limiting nutrient in aquatic ecosystems. Phosphorus exists
primarily as phosphates including ortho-phosphates, organic phosphates, and
condensed phosphates. In excess, phosphorus can lead to increased plant algae growth
which in turn can lead to eutrophication and algal blooms. The procedures outlined in
the SOP were created for the collection of sediments in tributaries surrounding Caesar
Creek Lake.
B. SUMMARY OF METHOD
The purpose of this SOP is to establish a procedure for the collection of sediments in
tributaries surrounding Caesar Creek Lake in order to determine the presence of
phosphorus by ICP-AES.
C. HEALTH AND SAFETY
The analyst must assume that all sediment samples are potentially contaminated and
should be treated accordingly. Personal protection equipment (PPE) should be worn at
all times while out in the field; this includes long sleeves, protective gloves, safety
glasses, long pants and closed-toe shoes.
D. SAFETY AND CAUTIONS
1. Sample containers must be labeled according to the Sample Labeling Scheme
outlined in Section F of this SOP.
2. During on site testing and sample collection, personnel must wear protective gloves
and safety glasses.
3. Collect all waste materials for proper disposal in the lab in appropriately labeled
waste containers.
4. Waders are recommended to collect sample from center of stream.
5. Hiking boots and a raincoat are recommended for days when precipitation is
possible.
6. Wear a orange or yellow safety vest when sampling near a roadway.

E. EQUIPMENT AND SUPPLIES
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1. Sampling protocol with Sediment Sampling Form
2. Clipboard and laboratory notebook with ink pen
3. Clean, wide mouth, clear glass jars (60 mL) with labels
4. Permanent marker for sample labeling
5. One cooler with cool packs for sample preservation
6. Paper towels with Ziplock® bags
7. Rinsing bottle containing ASTM Type I water
8. Rinsing bottle containing DI water
9. Waste containers (trash bag and waste bottle)
10. Camera
11. Clean gloves for each site
12. Proper attire for field work: eye protection, long pants, closed-toed shoes, waders
13. Plastic spoons pre-cleaned by soaking in DI water
14. Shovel
15. Plastic tub
16. Calibrated YSI Multi-meter

F. SAMPLE LABELING SCHEME
Samples will be labeled according to the following scheme:
Date (MMDDYYYY)– Sample Site – Bank or Center – P (Phosphorus) – Sample Replicate
Number (if needed)– Analysis Replicate Number (if needed)
For example: 10312020 – CCRN – N Bank – P – R1
G. SAMPLING SITES
Sample Sites are listed in the following table.
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Sample Site ID
CCRN
AF380
CCPR
CCSR
AFEM
AFWR
AFMR

GPS Location
39.5705, -83.9737
39.5675, -83.9655
39.5993, -83.9649
39.6333, -83.8695
39.5816, -83.9219
39.5665, -83.9026
39.5543, -83.8650

Description
Caesar Creek at Roxanne New Burlington
Anderson Fork at 380
Caesar Creek at Paintersville Rd
Caesar Creek at Stone Rd
Anderson Fork at Engle Mill
Anderson Fork at Winchester
Anderson Fork at McKay Rd

H. SAMPLE COLLECTION PROCEDURE
1. Before going to sampling sites, label sample containers, clean sampling equipment
according to section 4d of Ohio EPA Sediment Sampling Guide, and assemble
sampling materials according to this protocol.
2. When sampling the sites, stand downstream of sampling and sample into the
current. The most downstream sample should be collected first to reduce
contamination.
3. Upon arrival at each sampling site, put on gloves, glasses, and waders.
4. If under water, use a shovel to collect surface sediment (2-4 centimeters) and bring
it up from under the water. The sediment is then placed in a plastic tub. Using a
plastic spoon, the sample container is filled with sediment ensuring as much water is
removed as possible.
5. If not under water, the plastic spoon can be used to collect sediment from the
surface. The sediment can be placed directly into the sample container.
6. Ensure the cap is on securely and place sample containers in a cooler next to the ice
pack.
7. Use the calibrated YSI Multi-meter to measure ambient temperature, atmospheric
pressure, DO, pH, specific conductance, ammonium, ammonia, and water
temperature.
8. Repeat steps 4/5, 6, and 7 at each site for both banks and center. The Ohio EPA
Sediment Data Collection Sheet should be filled out at each sample site for both
banks and the center.
9. Supplies that come in contact with the sample and will be reused at remaining sites
should be decontaminated. Collect all waste materials to be disposed of properly
when returning to the lab.
10. Return samples to the laboratory upon completion of sampling. Immediately place
the samples into the freezer.
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I.

DATA AND RECORD MANAGEMENT
Immediately upon returning to the laboratory, be sure Standard Sampling Forms and
laboratory notebooks are secured.

J.

QUALITY ASSURANCE AND QUALITY CONTROL
Include a description of any replicate samples that are taken. Describe any events that
may make samples invalid, spills, possible mislabeled samples, etc.

K. ATTACHMENTS
Ohio EPA Sediment Data Collection Sheet
L. REFERENCES
Ohio EPA: Divison of Surface Water (2nd ed). Sediment and Sampling Guide. November
2001.
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Ohio EPA Sediment Data Collection Sheet
Project:_______________________________________________________________
Collection Time:__________________

Collector(s):__________________________________________________________________________
Weather Conditions:___________________________________________________________________
Sample Location Description (Provide Diagram of Sampling Location(s) on opposite Side) :
Waterbody Name: _______________________________ River Mile Location: ________________

APPENDIX D

Collection Date:______________________

Latitude: _______________________________ Longitude: ________________________________
Sample Site Description: ______________________________________________________________
Ambient Site Information (water):
Dissolved Oxygen _________________

pH ______________

Temperature _______________ Current Velocity _________________
Sediment Collection Information:
Water Depth Above Sample: _______________ Sediment Sample Depth: _____________________
Collection Device: Scoop ______ Eckman Dredge ______ Corer ______ Other ______

Sample Type:

Grab ______

Composite: ______

Sample Replicate Collected? YES or NO

Sample Duplicate Collected?

YES

or

NO

Replicate ID/Name: _______________________ Duplicate ID/Name: _________________________
Sample Information:
Sediment pH (undisturbed) _____________ Sediment pH (post-homogenization) ____________
Color (Munsell Soil Color Chart Number): _________________________________________________
Texture (particle size description): ________________________________________________________
Odor: _______________________________________________________________________________
Additional Comments: _________________________________________________________________
Sand Silt Clay Marl Detritus Peat Muck Sludge -

Particles 0.06-2.0 mm in diameter, possessing a gritty texture when rubbed between fingers. Loose materials (not cohesive)
that often cannot be molded into shapes (non-plastic).
Particles 0.004-0.06 mm in diameter, generally fine material possessing a greasy or smooth, talc-like feel when rubbed between fingers.
Non-plastic and not cohesive.
Particles less than 0.004 mm in diameter, which forms a dense, gummy surface that is difficult to penetrate with tools
(hardpan). Clay is both plastic and cohesive.
Calcium carbonate, usually greyish-white, often containing fragments of mollusc shells.
Dead, unconsolidated organic material including sticks, wood, leaves, and other partially decayed coarse plant material.
Partially decomposed plant materials characterized by an acidic pH; parts of plants such as Sphagnum moss sometimes visible.
Black, extremely fine, flocculant material composed of completely decomposed organic material (excluding sewage).
Organic matter that is decidedly of human or animal origin.
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STANDARD SAMPLING FORM

Conductivity _______________

Standard Operating Procedure 7.4
Acid Digestion of Sediment Samples for Determination of Metals by Inductively-Coupled
Plasma- Atomic Emission Spectrometry (ICP-AES)
May 19, 2021
Audrey McGowin, PhD
Morgan Grunden
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A. SCOPE OF APPLICATION
This procedure utilizes EPA Method 200.7, Revision 4.4 to extract phosphorus and
metals in sediment samples from different samples sites located at Caesar Creek Lake
main tributaries, Anderson Fork and Caesar Creek Lake in Waynesville, OH. Sediment
samples were collected according to THE CAESAR CREEK LAKE TRIBUTARIES SEDIMENT
SAMPLING PLAN SOP, dried, sieved, filtered, acid digested, and then diluted in
preparation for inductively coupled plasma (ICP) analysis.
B. SUMMARY OF METHOD
The purpose of this SOP is to establish a procedure for sediment sample preparation for
samples that were collected from the main tributaries surrounding Caesar Creek Lake in
order to determine the presence of phosphorus and metals by ICP-AES.
C. HEALTH AND SAFETY
Personal protection equipment (PPE) should be worn at all times while in the lab. This
includes lab coat, nitrile gloves, and safety glasses at a minimum in addition to long
pants and closed toe shoes. Nitric acid is used for digestion of the sediment samples and
is very acidic and dangerous. Any handling of nitric acid should be performed in the
fume hood. It is important to remember that when mixing acid and water, acid should
always be added to water. If eye or skin contact occurs, flush with copious amounts of
water. Immediately report any spills to appropriate personnel for proper cleanup.
Unused nitric acid should be neutralized in the hood and additional hazardous waster
should be disposed of properly.
D. EQUIPMENT AND SUPPLIES
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Nitrile gloves
2-mm sieve
Plastic weigh dishes for air-drying samples
Cleaned plastic spoons
Ceramic mortar and pestle
Aluminum weigh boats
Analytical balance
Drying oven set at 180℃
Trace metal grade concentrated nitric acid
Trace metal grade concentrated hydrochloric acid
10-mL graduated cylinder
Hot plate
Two 250-mL Erlenmeyer flasks for each sample, one for the blank, and one for the
standard reference material (SRM)
Watch glass for each Erlenmeyer flask
Whatman No. 41 filter paper or equivalent
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•

100-mL volumetric flask for each sample

E. SAMPLE HANDLING AND PRESERVATION
Samples should be handled and stored according to SOP 7.4 until analysis work up.
F. QUALITY CONTROL
An ASTM Type 1 water blank was prepared using the same methods applied to the
sediment samples. A standard reference material is also analyzed alongside the samples
to determine percent recovery. Recoveries will be reported. A percent recovery
between 70-130% is desirable.
G. SAMPLE COLLECTION PROCEDURE
1. Remove sediment jar from freezer and allow to sit out overnight to thaw.
2. Using clean plastic spoons, transfer sediments from jars to plastic weigh dishes
labeled with the corresponding sample ID.
3. Air dry sediments in the fume hood for three days.
4. Sieve samples using a 2-mm sieve and grind the sample using a mortar and pestle.
Place samples back in sample jars.
5. Weigh out ~0.4 g of sample and transfer to a 250 mL Erlenmeyer flask for digestion.
6. In the hood, add 2.5 mL of conc. HNO3 and 10 mL conc. HCl to each flask and swirl to
create a slurry. Cover with a watch glass and place flasks on a hot plate.
7. Heat samples at 95±5 ℃ for 15 minutes without boiling. Use an Erlenmeyer flask of
water with a thermometer to establish temperature of the hot plate.
8. Allow samples to cool, then filter the digestate through a Whatman No. 41 filter
using a glass funnel into a 100-mL volumetric flask. Wash the filter paper with 5 mL
hot conc. HCl. After, wash with 20 mL hot Type I reagent water collecting both
washes into the 100-mL volumetric flask.
9. Take the filter out of the funnel and place it back into the Erlenmeyer flask digestion
vessel. Add 5 mL conc. HCl and heat on the hotplate to dissolve the paper. Remove
the flask from heat source and wash the inside and watch glass cover with Type I
water.
10. Filter the residue with a Whatman No. 41 filter and collect the filtrate in the same
100-mL volumetric flask.
11. Allow the sample to cool before diluting to volume with Type I reagent water.
12. If a precipitate forms upon cooling, add 10 mL of conc. HCl. Do not do this if there is
no precipitate. The precipitate should dissolve. Dilute to 100 mL with Type I reagent
water.
13. Mix the sample well and transfer this sample to a pre-cleaned LDPE bottle. This is
the sample that will be analyzed by ICP-AES according to SOP 5.7.
14. To determine moisture content of sediments:
a. Weigh triplicate 0.300-0.500 g (to the nearest 0.001 g) triplicate sediment
samples into pre-labeled aluminum weigh boats.
b. Fold aluminum weigh boats and place in oven overnight.
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c. Remove the samples from the oven 24+ hours later and place in the
desiccator to cool.
d. Weigh samples to the nearest 0.001 g.
e. Calculate the percent moisture according to the following equation
(𝑚𝑎𝑠𝑠𝑤𝑒𝑡 − 𝑚𝑎𝑠𝑠𝑑𝑟𝑦 )
% 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 =
× 100%
𝑚𝑎𝑠𝑠𝑤𝑒𝑡
f. Report the percent moisture with a mean and standard deviation of the
triplicate samples.
15. Report metals results in mg/kg (dry weight).
H. Data Analysis
Refer to SOP 5.7 for ICP analysis. Results will be reported as the mean of triplicate
analyses for phosphorus and each metal for each sample. A class mean and standard
deviation for the recovery of each metal in the SRM will be reported. Samples will be
corrected for moisture content.
I.

References
1. Determination of Metals and Trace Elements in Water and Wastes by Inductively
Coupled Plasma-Atomic Emission Spectrometry, US EPA Method 200.7, Revision 4.4,
1994.
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Standard Operating Procedure 5.7
INDUCTIVELY-COUPLED PLASMA – OPTICAL EMISSION SPECTROSCOPY
(ICP-AES) ANALYSIS OF SEDIMENT SAMPLES
Revised September 20, 2021
Audrey McGowin, PhD
Morgan Grunden
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1.0

SCOPE AND APPLICATION
This method utilizes inductively coupled plasma – atomic emission spectroscopy
(ICP-AES) to determine selected trace metals and phosphorus found in sediment
samples. Acid digested samples are poured into an autosampler tube and
numerically placed into an autosampler rack. The autosampler draws up a selected
amount of sample and introduces it into the instrument. A peristaltic pump then
draws the sample into the nebulizer where it is aerosolized with argon gas. The
aerosolized sample is ionized by inductively coupled plasma. Each element emits
a characteristic wavelength that is used for detection. Table 1 includes, but is not
limited to, elements that may be analyzed by ICP.

Table 1. Analytes with preferred wavelengths.

2.0

Analyte

Symbol

CAS No.

Wavelength (nm)

Aluminum

Al

7429-90-5

308.215

Arsenic

As

7440-38-2

188.980

Chromium

Cr

7440-47-3

276.653

Copper

Cu

7440-50-8

324.754

Iron

Fe

7439-89-6

238.204

Lead

Pb

7439-92-1

220.353

Manganese

Mn

7439-96-5

293.305

Nickel

Ni

7440-02-0

231.604

Phosphorus

P

7723-14-0

213.618

Strontium

Sr

7440-24-6

460.733

Zinc

Zn

7440-66-6

206.200

SUMMARY OF METHOD
This method applies to sample analysis by ICP-AES for trace metals in digested
samples.
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3.0

HEALTH AND SAFETY
Personal protective equipment (PPE) should be worn at all times while in the lab.
This includes lab coat, nitrile gloves, and safety glasses at a minimum in addition
to long pants and closed toed shoes. Nitric and hydrochloric acids are used widely
as a diluent for ICP analysis and are very acidic and dangerous. Any handling of
acid should be performed in the fume hood. It is important to remember that when
mixing acid and water, acid should always be added to water. If eye or skin,
contact occurs, flush with copious amounts of water. Immediately report any
spills to appropriate personnel for proper cleanup. Unused acids should be
neutralized in the hood and additional hazardous waste should be disposed of
properly.
ALWAYS pipette straight up and down and NEVER pipette directly from the
metal analyte containers. Metal analyte should always be poured into clean
beakers for pipetting. Pipettes should be allowed to drain for a minimum of 20
seconds into the appropriately labeled volumetric flasks and touch-dropped. Metal
analyte container should never be open for longer than necessary and preserved in
sealed zip-loc bags when not being used. ALWAYS use a clean pipette for each
analyte and rinse pipettes after used.

4.0

EQUIPMENT AND SUPPLIES
Varian ICP with computer control and high purity grade (99.99%) argon gas
supply
Autosampler
Autosampler tubes
1-L Class A volumetric flask
100-mL Class A volumetric flask (4)
50-mL Class A volumetric flask (5)
2-mL Class A glass pipette
5-mL Class A glass pipette
10-mL Class A glass pipette
15-mL Class A glass pipette
20-mL Class A glass pipette
50-mL glass beakers (5)

5.0

SAMPLE HANDLING AND PRESERVATION
Sample collection and preparation should be performed in accordance with
CAESAR CREEK LAKE TRIBUTARIES SEDIMENT SAMPLING PLAN SOP
and SOP 7.4. Samples will be in good condition for ICP analysis for up to 6
months, but it is preferred that ICP analysis be done within a month or less.
71

6.0

REAGENTS AND STANDARDS
Nitric acid, concentrated, TraceMetal Grade
Reagent grade water, ASTM Type I
Phosphorus stock, 1000 mg/L in H2O
Iron stock, 1000 mg/L in 2% HNO3
6.1

P and Fe standards are prepared according to Table 2 below.
Table 2. Preparation of Standards Used to Make Mixed Standards.
Volume of
Concentration
primary
Final
Final
of primary
standard
Element
concentration volume
standard
diluted
(mg/L)
(mL)
(mg/L)
with 4%
HNO3
P

1000

50.00

500

100.00

P

500

10.00

100

50.00

Fe

1000

50.00

500

100.00

Calibration standards 1-6 were made according to Table 3. All standards
were diluted with 4% HNO3.
Table 3. Preparation of Calibration Standard Solutions.
Final concentration

Standard preparation

Standard 1

15 ppm Fe 450 ppb P

25 mL of 30 ppm Fe and 900 ppb P in
a 50 mL v.f.

Standard 2

20 ppm Fe 600 ppb P

25 mL of 40 ppm Fe and 1200 ppb P
in a 50 mL v.f.

Standard 3

30 ppm Fe 900 ppb P

30 mL of 50 ppm Fe and 1500 ppb P
in a 50 mL v.f.

Standard 4

40 ppm Fe 1200 ppb P

40 mL of 50 ppm Fe and 1500 ppb P
in a 50 mL v.f

Standard 5

50 ppm Fe 1500 ppb P

10 mL of 500 ppm Fe and 1.5 mL of
100 ppm P in a 100 mL v.f.
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Standard 6

60 ppm Fe 2000 ppb P

12 mL of 500 ppm Fe and 2 mL of
100 ppm P in a 100 mL v.f.

Standards and samples are poured into labeled autosampler tubes for ICP
analysis. The tables for ICP calibration standard preparation should be
consulted for data entry into the computer.
6.2

Blanks
Calibration Blank or Reagent Water Blank (Blank) – The calibration blank
used in establishing the analytical calibration curve for aqueous samples
and extracts is prepared by acidifying reagent water to the same
concentrations of the acids as used for the standards.
Laboratory Reagent Blank (LRB) – The LRB must contain all the reagents
in the same volumes as used in the processing of the samples. The LRB
must be carried through the same entire preparation scheme as the samples
including sample digestion, when applicable.

6.3

7.0

Quality Control Sample (QCS) is used to periodically verify calibration
standards and to verify instrument performance. It is obtained from an
outside source different from the stock solutions used in preparing
calibration standards. The concentration of the analytes should be ≥1
mg/L.

QUALITY CONTROL
7.1

Initial Demonstration of Performance
7.1.1

The linear dynamic range (LDR) must be established for each
wavelength used. Sample analyte concentrations that are >90% of
the determined upper LDR limit must be diluted and reanalyzed.

7.1.2

Results of the analysis of quality control samples (QCS) must be
within ±5% of the states values. If not, the source of the problem
must be identified and corrected before proceeding.

7.1.3

Method Detection Limit (MDL) – MDLs are determined at all
wavelengths utilized, analyzing the reagent water blank (blank)
that has been fortified to a concentration that is two to three times
the estimated instrument detection limit (IDL). For this analysis,
the lowest standard solution can be used to determine the MDL.
Analyze seven aliquots of this solution that has been through the
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entire analytical process (filtering, dilutions, calculations, etc.).
Calculate the MDL using the following equation:
MDL = (t) x (S)
Where, t = Student’s t value for a 99% confidence level and a
standard deviation estimate with n-1 degrees of freedom [t = 3.14
for seven replicates].
S = standard deviation of the replicate analyses.
MDLs must be sufficient to detect analytes at the required levels of
compliance monitoring regulation.
7.2

8.0

A laboratory reagent blank must be analyzed with each batch of 20 or
fewer samples of the same matrix. LRB values that exceed the MDL
indicate possible contamination.

PROCEDURE
8.1

PROCEDURE FOR THE ICP-AES INSTRUMENT OPERATION
The steps listed below are in the order that they need to be performed to
ensure the most stable set up. Not following this order can cause the
computer system to not communicate with some of the equipment in an
appropriate manner.
8.1.1 Turn on the autosampler. This must be done before the software is
opened or it will not recognize that the autosampler is present. The
switch is on the back. The autosampler is on when the green light
is on the front. Make sure that there are no blockages in the
nebulizer. The use of a flashlight, to shine in and around the
nebulizer, is necessary to ensure that the flow of gas into and out of
the nebulizer is not blocked.
8.1.2 Replace the autosampler water. the water is located in front of the
nebulizer in a flask. It must be filled with fresh high quality water.
this water is used to rinse the autosampler and must be free of as
many contaminants as possible.
8.1.3 Open exhaust vent above the ICP instrument.
8.1.4 Turn on the Argon gas. The valve is turned until it is completely
open.
8.1.5 Turn on the water pump under ICP instrument. Make sure the
water does not need to be changed. Check water pressure.
8.1.6 Make sure waste tubes are in the waste container.
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8.1.7

8.1.8
8.1.9
8.1.10
8.1.11
8.1.12
8.1.13
8.1.14

8.1.15
8.1.16
8.1.17
8.1.18

8.1.19

8.1.20
8.1.21
8.1.22
8.1.23
8.1.24
8.1.25
8.1.26
8.1.27

8.1.28
8.1.29
8.1.30

Turn on and set up the computer. Open the program on the desktop
titled “710ES ICP”. This program must be open for at least 20 min
before running samples.
Click “worksheet” then “new”.
Go to “Create a New Method” using the Quantitative Tab
Click KJ5890f1 \ Varian
Click VAIMDB Chemistry Department
Click on the McGowin \ Chem Folder
Name the worksheet. The worksheet name should include the date
the samples were analyzed and Caesar Creek/Anderson Fork.
Lock tubing into place on the peristaltic pump. There are two
tubes, one tube that feeds to the nebulizer from the autosampler
and one that drains condensed liquid from the spray chamber. The
tubes are stretched over the pump and locked into place with
pressure bars.
Make sure the drain tubing is in the drain container.
Verify that the instruments are still on.
Click instrument set up then verify that the water cooler flow and
gas flow are flowing properly.
Light torch. To light the torch, click the plasma on button in the
tool bar. The instrument must come to thermal stability before
calibration and analysis. The torch must be allowed to operate for
at least 30-60 minutes before any measurements are taken.
Click “Edit Method” to set up parameters and elements to be tested
by clicking on them on the periodic table that shows up. Accept the
recommended wavelength for each element.
Set up standards
Check analysis
Select 6 for the number of standards
Fill in concentrations for each element in the table for the
standards.
Set the correlation coefficient to 0.95
Change read time to 10s
Close method editor and accept the warning that pops up.
Load samples. The standards need to be loaded with the blank
located at the front of the autosampler (the front being the side
facing you). The samples should be loaded with the first sample in
the back of the autosampler or starting on the side closest to the
ICP instrument. Place plastic in between samples and standards for
support.
Set up sequence
Go to sequence editor. Allow for one blank before the standards.
Set the dilution factor to 1.
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8.2

8.3

9.0

8.1.31 Check the box for autosampler, not manual. This is located to the
right of the screen.
8.1.32 SAVE FILE.
8.1.33 Analysis. Click the analysis button to start analyzing. All samples
to be analyzed should be highlighted yellow.
Turning off the instrument.
8.2.1 Once all samples are done analyzing and results are complete, the
instrument can be disconnected from the autosampler and argon
gas. All data should be checked before this process is started. Also
save all data and print before starting.
8.2.2 Allow the instrument to sit for 5 minutes to rinse out the nebulizer.
8.2.3 Turn off the torch.
8.2.4 Wait 10 minutes before turning off gas. The rest of this process can
be continued in the meantime.
8.2.5 Release peristaltic pump pressure bars and tubing.
8.2.6 Shut off water pump.
8.2.7 Close exhaust vent.
Error trouble shooting
8.3.1 If the torch goes out, clock “OK” or “YES” when the error pops
up. Wait a few seconds. Light the torch again.
8.3.2 If errors occur in data, the percent error can be changed to a higher
value. This is usually done when there is a lot of background noise
or if large gaps are found between the peak intensity. This value
can be changed by changing the values in the method editor
MultiCal area. Save the changes then return to view the data.

DATA ANALYSIS
Most of the data analysis will be performed by the computer. The standards
prepared in section G.1 above will be used to aid with the data analysis. By
plotting the intensity of the analyte signal versus the concentration of the
standards a linear curve should form. The curve must be linear and have a
correlation coefficient (R2) value of greater than 0.99 in order for the curve to be
valid. The equation of the line will be used to determine the concentration of the
unknowns from the analyte intensity. All of this will be done with the ICP
software.
This method will not work for unknowns that register higher analyte signal than
the highest standard. These samples will have to be quantitatively diluted to the
point at which analyte signal can fall in the linear range with the 4% nitric acid
solution. The concentration determined from the software will then need to be
scaled up to the undiluted value i.e. if the solution underwent a 1:1 dilution then
the concentration from the computer would need to be multiplied by 2.
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10.0

REFERENCE
U.S. Environmental Protection Agency. Method 200.7: Determination of Metals
and Trace Elements in Water and Wastes by Inductively Coupled Plasma-Atomic
Emission Spectrometry, revision 3.3, EPA 600 4-91/010 June 1991.
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VIII. APPENDIX B

Figure B1. Calibration curve for Fe used to calculate Fe concentrations in samples:
CCRN-RDB, CCRN-CENTER, CCRN-LDB, AFMR-RDB, AFMR-LDB, AFMRCENTER, AFEM-RDB, AFEM-CENTER, AFEM-LDB, and CCSR-RDB.
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Figure B2. Calibration curve for Fe used to calculate Fe concentrations in samples:
CCSR-CENTER, CCSR-LDB, AFWR-RDB, AFWR-CENTER, AFWR-LDB, CCPRLDB, CCPR-CENTER, CCPR-RDB, AF380-LDB, AF380-CENTER, AF380-RDB, and
SRM sample analyzed on 09/30/2021.

Figure B3. Calibration curve for P used to calculate P concentrations in samples: CCRNRDB, CCRN-CENTER, CCRN-LDB, AFMR-RDB, AFMR-LDB, AFMR-CENTER,
AFEM-RDB, AFEM-CENTER, AFEM-LDB, and CCSR-RDB.
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Figure B4. Calibration curve for P used to calculate P concentrations in samples: CCSRCENTER, CCSR-LDB, AFWR-RDB, AFWR-CENTER, AFWR-LDB, CCPR-LDB,
CCPR-CENTER, CCPR-RDB, AF380-LDB, AF380-CENTER, AF380-RDB and SRM
sample analyzed on 09/30/2021.

Figure B5. Calibration curve for Fe used to calculate Fe concentrations for all 1:2 diluted
AF380-RDB triplicates.
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Figure B6. Calibration curve for P used to calculate P concentrations for 1:2 diluted
samples: CCSR-LDB-R3, AF380-LDB-R2, and all AF380-RDB triplicates.

Figure B7. Calibration curve for P used to calculate P concentrations for the SRM
sample analyzed on 07/01/2021.
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Figure B8. Calibration curve for Fe used to calculate Fe concentrations for the SRM
sample analyzed on 07/01/2021.
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IX.

APPENDIX C

Figure C1. Resulting map in QGIS showing riparian cover calculations at sample site
Caesar Creek at Roxanna New Burlington Rd where the red filled polygons show trees,
the green filled polygons show grass, the brown filled polygons show no riparian cover,
and the purple filled polygons show urban areas.
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Figure C2. Resulting map in QGIS showing riparian cover calculations at sample site
Caesar Creek at W Spring Valley Paintersville Rd where the red filled polygons show
trees, the green filled polygons show grass, the brown filled polygons show no riparian
cover, and the purple filled polygons show urban areas.
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Figure C3. Resulting map in QGIS showing riparian cover calculations at sample site
Caesar Creek at Stone Rd where the red filled polygons show trees, the green filled
polygons show grass, the brown filled polygons show no riparian cover, and the purple
filled polygons show urban areas.

Figure C4. Resulting map in QGIS showing riparian cover calculations at sample site
Anderson Fork at State Route 380 where the red filled polygons show trees, the green
filled polygons show grass, the brown filled polygons show no riparian cover, and the
purple filled polygons show urban areas.
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Figure C5. Resulting map in QGIS showing riparian cover calculations at sample site
Anderson Fork at Old Winchester Trail where the red filled polygons show trees, the
green filled polygons show grass, the brown filled polygons show no riparian cover, and
the purple filled polygons show urban areas.
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Figure C6. Resulting map in QGIS showing riparian cover calculations at sample site
Anderson Fork at McKay Rd where the red filled polygons show trees, the green filled
polygons show grass, the brown filled polygons show no riparian cover, and the purple
filled polygons show urban areas.
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Figure C7. ACPF map and legend at sample site AF380 where the yellow dot shows the sample location.40
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Figure C8. ACPF map and legend at sample site AFWR where the yellow star shows the sample location.40
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Figure C9. ACPF map and legend at sample site AFMR where the yellow star shows the sample location40.
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Figure C10. ACPF map and legend at sample site CCRN where the yellow star shows the sample location40.
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Figure C11. ACPF map and legend at sample site CCSR where the yellow star shows the sample location40.
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Figure C12. PCSI map for the CCL intake where the yellow highlighted areas show the
CMZ.26
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X.

APPENDIX D
Michael Bottomley
Senior Statistical Consultant
Statistical Consulting Center
3640 Colonel Glenn Hwy, 130 MM
Dayton, OH 45435-0001
P: 937-775-2286 F: 937-775-2081
E: michael.bottomley@wright.edu

Updated Report for Phosphorus Concentration and TreeCoverage Data Analysis
March 28, 2022
Dear Dr. McGowin and Ms. Grunden,
Here are the results of the updated analysis of your phosphorus and tree coverage
data set. It was discovered that the River Mile variable in the prior analysis was
not capturing the information it was intended to capture. It was intended to
represent the distance from the convergence that the measurement was taken, but it
actually represented the geographic river mile. A Distance from Convergence
variable was used this time to accurately capture this information. The percentage
coverage variable that had three categories last time (TC, GC, NC) now has a
fourth category, Percent Urban. You also believe differences in the Location
variable (left, center, right) might not be the same for the two Streams (Anderson
Fork, Caesar Creek) due to geographic differences between the two streams, so an
interaction between Location and Stream was included. It is also believed that the
effect of Iron content might depend on the Distance from Convergence, so another
interaction was included for those two variables. A level of significance of α=0.05
was used to assess statistical significance. SAS version 9.4 (SAS Institute, Inc.,
Cary, NC) was used for all analyses.
These data were analyzed via a mixed effects ANCOVA. The response variable
was phosphorus content. Predictor variables were included for Stream
(Anderson Fork or Caesar’s Creek), Location (one of the two banks of the stream
or center of the stream), Iron content, percentage of tree coverage (TC), percentage
of grass coverage (GC), percent urban, and Distance from Convergence. Note
that percentage of no coverage was left out of the model, since the four
percentages always sum to 100% and you cannot have variables in an
ANCOVA that are functions of each other (e.g. if TC = 70%, GC = 15%, and
Percent Urban = 10%, the model will know that No Coverage = 5%, which
is computationally problematic). A random effect was included for the site at
which the triplicate measurements were taken. The
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random effect controls for potentially correlated results that could arise from the
triplicate readings taken from the same sample. The extreme outlier that was found
to be problematic last time, AFMR-CENTER-R1, was again left out of the
model.
The model with both interaction terms was run first. Based on a p-value of 0.42, there
is not sufficient evidence to suggest there is a significant interaction between Iron and
Distance from Convergence. Since this is not significant and so we can assess the
main effects of Distance from Convergence, the interaction was removed and the
model was rerun. The results are given below in Table 1. Here and throughout,
statistically significant p-values are denoted in boldface.
Based on a p-value of 0.0134, there is strong evidence to suggest there is a significant
interaction between Stream and Location. This means any differences between the
three locations are not nec- essarily constant for the two streams. There is also strong
evidence to suggest there is a significant linear relationship between Iron and
Phosphorus concentration (p-value < 0.0001). The estimated coefficient is 0.02. This
means for every one unit increase in Iron concentration, on average, Phosphorus
concentration increases by 0.02, with all else held constant. There is also strong
evidence to
Table 1: Analysis results
Variable
Stream
Location
Iron
TC
GC
Percent Urban
Distance from
Convergence
Stream*Location

p-value
0.75
0.0636
< .0001
0.1031
0.8414
0.1838
0.0321
0.0134

suggest there is a significant linear relationship between Distance from Convergence
and Phosphorus concentration (p-value = 0.0321). The estimated coefficient is 19.08. This means for every one mile increase in Distance from Convergence, on
average, Phosphorus concentration decreases by 19.08, with all else held constant.
In order to investigate where potential differences between Stream and Location
might lie, Tukey’s multiple comparison procedure was used to make all pairwise
comparisons between combinations of Stream and Location. This comparison
adjusts thep-values to control for a potentially inflated type I error rate (false
positive rate) than can arise when making multiple comparisons and ensures the
overall type-I error rate of the model is at most α=0.05. Estimated means for each
Location broken down by Stream are given in Table 2, followed by the results of
Tukey’s multiple comparison procedure in Table 3.
Table 2: Estimated means for each Location by Stream
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Stream

Location

Anderson
Fork

Center

279.91

Standard
Error
18.98

Left
Right

387.85
328.27

18.79
19.55

Center

314.17

21.79

Left
Right

297.77
365.49

22.31
21.35

Caesar
Creek

Mean

Table 3: Results of Tukey’s multiple comparison procedure
Comparison
Anderson Fork: Center - Left
Anderson Fork: Center - Right
Anderson Fork: Left - Right

Estimate
-107.93
-48.36
59.57

p-value
0.0195
0.53
0.27

Caesar Creek: Center - Left
Caesar Creek: Center - Right
Caesar Creek: Left - Right

16.40
-51.32
-67.72

0.99
0.54
0.29

Anderson Fork Center - Caesar Creek
Center
Anderson Fork Center - Caesar Creek Left
Anderson Fork Center - Caesar Creek Right

-34.25

0.84

-17.85
-85.57

0.99
0.11

73.68
90.08
22.36

0.22
0.1
0.97

14.10
30.50
-37.21

1.00
0.92
0.80

Anderson Fork Left - Caesar Creek Center
Anderson Fork Left - Caesar Creek Left
Anderson Fork Left - Caesar Creek Right
Anderson Fork Right - Caesar Creek Center
Anderson Fork Right - Caesar Creek Left
Anderson Fork Right - Caesar Creek Right

There is strong evidence to suggest there is a significant mean difference in
Phosphorus between the Center and Left of the stream and Anderson Fork (p-value
= 0.0195. The estimated mean is 107.93 mg/kg higher on the Left bank. No other
significant differences were detected (i.e. all other p-values are greater than 0.05).
Let me know if you have any questions about anything contained in this report.
Sincerely,
Mike Bottomley

99

